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WARNING LIGHT Wm, UGHT EMITTING DIODES 

^ be used for ai:^,.* direcrion., guida.ce .ys.am. o^t ^ ' ^ 

~"~'-----j:::.:rdr.!::r"" 

is fa. more r^„y dceca eftlaT ' ««^' " 

ana so dnving circuits include larce bantc «f ^ u 
addition, xenon flash tubes have hi.h ■ capacitors. In 

Pa^icular,, disadvanu^eous when several lights ^iT ™^ " 

- P^vided i„ a„ aircraft where si.e and tel. ^ """"" """'^ 
-«on,powerco_,io„.rU.esecirc„i«c:tjes:~ 

n. ,a.ps :r. irjir:'" — 

"•".ing lighB. of "gh. OU.PU, required for 
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«t le^t some of the problems described above and to provide 
It is desired to overcome at least some oi p 
an alten^ative to existingbigh-intensity warning light techr.010^^ 

•H.. in the appreciation that light emitting diodes can be used 
The present invention resides m the appreci „trnlled to generate the 

Howevtr, the inventors of the present in 



diodes. 



0 



25 



30 



of the present invention, there is provided a warning light for 
According to one aspect of the present 1 lieht comprises a 

c »,i..rrin a lieht source for the warning iigni p 
external use on an aircraft, wherein a lign overdriving 
plurality of light emitting diodes which are arranged to be pulsed with 
signrf to produce a higher than normal intensity light output. 

^;„. Of Ugh. emitting diodes ohvia.es the need for har.s -^^^ 
htdlty .ransformers that are ----^1;:2T:T::;1. Cuit that 
,„uit of the present '—-^^ ^^Tr....^ .»» voltage. Accordingly. 

-'-•"r -Tlr:^" stna,^ lighter and cheaper than that of the 
the control circuit c^ be signifi y „„,„„p,on. This latter aspect 

prior art warning hghts and also h. '^ J ^^,„^ „,Ht may be 

can be particularly advantageous m remote locations wn 

operating from a rechargeable battery power supply. 
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malfunction than xenon flash tubes) can also provide si^T 
^ong te™. ^3 is not onl. because orr...JZi:ZZ ^^^"'^ 
more significantly because of the reduced costs of '^"'^^^'^ 
light emitting diodes are far mn T u '"""'^"^ce/labour. Furthennore. 

g uioaes are far more robust than flash tubes with *~ 
5 shock and vibration , ° ^''^ far greater resistance to 

a vibration, For example, the light emitting diodes of . 
embodiment of the invention • u Presently preferred 

tne mvention, can withstand 5000 O of 
vibrations without breaking down an so random 

Flash tubes also require shi>lH,'«r, 

5 The ligh, ^i„i„g diodes are preferably se. out i„ 

density. ,„ addiL ,7 ' ""^^ '^ "■'^ = "igh ligh. 

en.i«ng diodes T ""^ ° ""^•'^ Ugh. 

B aioaes, the groups bemg connected toeether in n . . 

."Con.ra,es b.„n„>ed.„da„ey which adva„,age„„° " 

of Uie ligh, emi„i„g <,i„d, , ""sBophic fail„„ 

RaU,er. ,he series or s«„ r7 . *° ^" -» 

light emitting diodes comnrisin. , ° "^^^ «<=Weved by the 

6 uiuues compnsmg selectable sets of UoK* - .. 

being capable of emittino . , ^ ^^^^ 

i^Sh, e„ilg d deTre ir " ^ ' 

on .he eolou, of .he llg;™''" ~ *P«nding 

A flmheradvancage of using ligh. e™l..i„g diodes in Place of V, „ . 

light emining diodes , P'^ "f^non flash mbes is Uiat 

8 d,«,es ge„e.a.e specflc na™„ ™veleng.h bands of ligh, and for 
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vision goggle (NVG) fnendiy oec reducing 
excess infra-red light, and also there is no need to use special filter glass 
excess infra-red light from the warning light. 

• . , nluralitv of light sources. This is advantageous 
The warning light may compnse a plurahty 1 gn ^^^^ 

• „ U to orovide an iricreased field of view m wmc 
when the wammg hght is to proviQ ^.^^ 

substantially 360 degrees of view around the axis. 

, tone of the light sources comprises a plurality of infra-red 
Preferably, the or at least one of the hgUt detectable 

. cx diodes The infra-red diodes provide a wammg hght whicti 

light emitting diodes. 1 ne mira I „ ft durine covert 

can ^ swuched visible =nd cov.« op=«..cn mode Wh- - 

NVO. me ou«.u, of me infra.r«i ligh. source appc^ .denucai .o ^ J 
Lcc.Thisaias„ish.visio„uainin.becausemis.^of.iau,.ngea„a<.vanugeousy 

be canied om in daylight conditions using NVGs. 

THe waning .ig.« ^ — n.eans fo. ge„»3«ng 

, pulses, each dKve puis, -ving a magnitude ^-^^ ^ J, 
intensity light ou.pu.Suc>.g.ne«.ing n,«^=^ be P^^^^^^^^ 
provide a self-contained compact hghtmg untt. Also. g 
prefetahly conftgured to he opetahle in he 
timing signal can be provided by an approp ^ . box 

30 positioned, for example, remotely from the — 

typically includes a microprocessor and associated memory which p 

• «,te which are used by the generating means to cause 
control signals at an »PP-P~J^'* ^ ^ „,„,ar intermittent 

the light source to output hght pulses wmcn a h 
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illumination or as a regular sequence of light flashes. To assist in aircraft 
identification, for example, more complex flash patterns, such as a sequence of three 
short flashes followed by one longer flash, may be generated. 

Preferably, the light output from the warning light is flashed at a rate between 40 to 
1 00 flashes per minute, namely 0.67 Hz to 1 .67 Hz. This rate ensures that the output 
of the warning light is relatively easy to detect visually by observers. Furthermore, this 
rate meets the requirements for International aviation authorities when the warning 
light is used as an anti-collision light on an aircraft. 

The drive signals from the generating means to the light source are preferably in the 
form of a rectangular shaped waveform. This waveform provides an optimal light 
output over time from the light source as compared to other possible waveforms. The 
rectangular-shaped pulses preferably have a duty cycle of not more than 10%. This 
limit minimises the power consumption for the warning light whilst still providing 
sufficient on time for generating the required intensity of light output. 

In a presently preferred embodiment of the present invention, the output of the light 
emitting diodes is controlled by the drive pulses varying the driving current supplied 
to each of the light emitting diodes. However, it is also possible to control the light 
output by the drive pulses varying the driving voltage applied to each of the light 
emitting diodes. 

According to another aspect of the present invention there is provided a method of 
driving a warning light for external use on an aircraft, the method comprising pulsing 
a plurality of light emitting diodes which comprise a light source of the warning light, 
with an overdriving signal to produce a higher than normal intensity flashing light 
output. 

The invention can alternatively be considered to be according to another aspect a 
method of driving a warning light for external use on an aircraft, the method 
comprising overdriving a plurality of light emitting diodes which comprise a light 
source of the warning light, with a pulsed driving signal that is greater in magnitude 
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than the magnitude of the maximum normal operational driving signal for the light 
emitting diodes. 

The present invention also extends to an anti-collision light comprising a warning 
5 light as described above. In addition, according to another aspect of the present 
invention there is provided a warning light as described above, in combination with a 
control means which is arranged to control a time sequence of light flashes output 
from the warning light. 

10 Preferred embodiments of the present invention will now be described by way of 
example with reference to the accompanying drawings. In the drawings: 

Figure 1 is a side view of an anti-collision light embodying the present invention; 

15 Figure 2 is a cross-sectional view of the anti-collision light of Figure 1 taken through 
section A A' as set out in Figure 3; 

Figure 3 is an underside view of the base of the anti-collision light of Figure 1 ; and 

20 Figure 4 is a schematic block diagram of the electrical circuit employed in the anti- 
collision light of Figure 1 . 

Referring now to Figures 1, 2 and 3, a presently preferred embodiment of the 
invention is shown in the form of an anti-collision light 10. The anti-collision light 10 
25 is for use on the fuselage of a military aircraft (not shown) and provides 360 degrees 
of illumination around a central axis 1 2 of the light 10. 

The anti-collision light 10 comprises six normally visible light emitting diode arrays 
14 which are assembled in the lower portion 16 of an aluminium central housing 18. 
30 Eight infra-red light emitting diode arrays 20 are affixed to an upper part 22 of the 
housing 18. Each light emitting diode array 14,20 faces radially outwardly from the 
central axis 1 2 so as to cover the entire illumination r£mge of 360 degrees. 
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The central housing 1 8 is mounted on a base plate 24 and is enclosed by a transparent 
plastics cover 26. However, the cover 26 may alternatively be translucent or made 
from glass. The cover 26 allows both the generated infra-red light and the visible light 
to pass therethrough. The cover 26 can be sealed to the edges 28 of the base plate 24 
5 to provide a weather proof enclosure for the light emitting diode arrays 14,20. 

A drive unit 30, for supplying the light emitting diode arrays 14,20 with appropriate 
driving signals, is mounted to the underside of the base plate 24. The drive unit 30 
receives timing signals from a flash pattern box (not shown) and these signals are 
10 converted into drive signals 32 for each light emitting diode array 14,20. The drive 
signals 32 are distributed to the light emitting diode arrays 14,20 by wiring (not 
shown) between the drive unit 30 and each of the fourteen light emitting diode arrays 
14,20. 

15 Referring now to Figure 4, the details of the drive unit operation now are described. 
For the sake of convenience. Figure 4 shows the drive unit 30 controlling a single light 
emitting diode array 14. However, it is to be appreciated that the drive unit 30 controls 
each one of the light emitting diode arrays 14,20. The pulsed drive unit 30 receives its 
timing signals from a remotely positioned flash pattem box which is also not shown. 

20 The flash pattem box is typically coimected to several anti-collision lights 10 and 
stores information for each anti-collision light 10 regarding the desired colour output, 
the desired flash rate and any changes to the flash rate. 

The pulsed drive unit 30 takes the timing signals from the flash pattem box and 
25 converts these to the drive pulses 34 for the light emitting diode array 14. Each pulse 
34 is rectangular in shape and the mark/space ratio is at least 1/10. In other words, the 
duty cycle for the drive signals 32 is 10% or less. The pulses 34 are current pulses 
which have a magnitude in excess of the diode array's stated maximum current rating. 
In this embodiment, the maximum current rating for a string of light emitting diodes is 
30 50mA and each of the drive signal pulses 34 has a magnitude of 200mA. This 
generates an output which is well in excess of 100 Candela and can reach up to 1000 
Candela. Accordingly, the light emitting diode array 14 is overdriven by the drive 
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signals 32 but because the signal 32 is pulsed at a rate between 0.67 Hz and 1.67 Hz, 
the light emitting diode 14 does not overheat and there is no other long term damage. 

The actual light output is dependent on the power input into the light source 14. 
5 Accordingly, the light output can be varied by changing the duty cycle of the drive 
signal 32 as well as its magnitude. 

The drive unit 30 is powered by a +28 Volt power supply 36. The drive signals 32 are, 
in this embodiment, output at a constant voltage of +28 Volts which is the stated 
10 maximum operational voltage of the light emitting diode arrays. However, in another 
embodiment of the present invention, the voltage can be varied to overdrive the light 
emitting diode arrays to achieve the high-intensity light output. For example, the 
pulses 34 can be output at +30 Volts rather than +28 Volts. 

15 The light emitting diode array 14 comprises a plurality of high-intensity output light 
emitting diodes 40. The light emitting diode array 14 has a plurality (24 shown in 
Figure 4) of groups or strings 42 of light emitting diodes 40. The strings 42 are 
connected together in parallel and each string 42 comprises a plurality (9 sho^yn in 
Figure 4) of light emitting diodes 40 connected in series. If one diode fails, then the 

20 string 42 to which the diode 40 belongs stops working. However, as the other strings 
42 are connected in parallel, the light emitting diodes 40 in these strings 42 continue 
to function correctly. This arrangement uses the built-in redundancy to prevent 
catastrophic failure of the light emitting diode array 14 if one diode 40 fails. 

25 . The light emitting diode array 14 is arranged to output a selected colour of light when 
the appropriate signals are received from the drive unit 30. The array 14 comprises 
sets of selectable strings 42 of light emitting diodes 40, the strings 42 of each set are 
capable of emitting a particular colour of light. In this particular embodiment, strings 
42 of light emitting diodes 40 emitting visible red light and strings 42 of light emitting 

30 diodes 40 emitting near white light are provided alternately about the light emitting 
diode array 14. The strings 42 of the red light diodes 40 are connected together in 
parallel but are not connect to the white light diodes 40. Each type of string 42 is 
driven independently by the drive unit 30 in dependence on the selected mode of 
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operaaon. Switching between tlie bank, nf h . 

-*in..w,-.ebboxc„otsCr.::::;r"°"'''^~^-~«"--^^ 

' ™""«''<"»™3' 14 is a single u„i, with each diode and i.»i, 

at the s,rfaee of a subst^te T„e Z'""'""''™"^""' 

^cdescontprtsesapphitect^staiooatedwithaphosphor 

PHncipie Of ovetdtiving the jri^L^ "^''"''"^''^ *"''■■"■ ^ 
5 output is still applicable. improve their light 

intensity 

Having described particular r,r»f j . 

Pdnicuiar preferred embodiments of tK« « 
appreciated that the embodiment, .n • ^ *° 

- — . s.h as ::r rr-r^ 

and skills „ay be ™ade without depam« ft„„T 

- fo„h in the appended Caitns ritT T ^""^ " 

emitting diode anays covednc 360 H. , " " "'"'^ » light 

-«-n lights whieh tejrrr:ir'T'- 

only cover a sn«ller angle ™i«.ng diode an.ys 

emitting diode at^ays 20 fori' "°' "'""'"^ 

diodes .0 c. .„ be o ~ ^= «^'" ^^^g 

dedicated waging ligh trallr m'"' ' » 

-■-Hision iigh 1 i 1 r ° ~-n light or a visible red 

5 t. 11 IS also not necessary for th*» 

they can be any desired shape for examn. '° 

j>»ape ror example square shaped. 
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light output. 

^ ' ♦v,** r^iiiralitv of light emitting diodes 

2. A wanunglijh. according «. claim , , whercm .he plun>l.,y of gh 

are set out in an array. 

^0 ^ ■,r.■y wherein the array comprises a plurality of 

3. A warning light according to claxm 2, wherem th y 

f Uaht emitting diodes, the groups being connected together m p 

2® , S wherein the translucent cover comprises a 

i;«v.t orrnrdine to claim 5, wnerein 
6. A warmng light accorauig 

light filter, 
operation. 

V H„. ,o claim 7 wherein thcligh. cminine diodes comprise . 

S. A wamins «sh. — » , par.ic«,ar 
selectable sets of hght emittmg oiouca, 

30 colour of light. 

„.i„g,igh. according, an. P—- 
■ sources Wherein each light source compnses a plurality on g 

SUBSTITUTE SHEET (RULE 26) 



wo 99/59869 



11 



PCT/GB99/01596 



10. A warning light according to claim 9, wherein the plurality of light sources are 
arranged about an axis to be radially outwardly facing and illuminate substantially 360 
degrees of view jiround the axis, 

5 ' 

1 1. A warning light according to any preceding claim, wherein the or at least one of 
the light sources comprises a plurality of infra-red light emitting diodes. 

12. A warning light according to any preceding claim, wherein the intensity of the 
10 light output is at least 1 00 Candela. 

13. A warning light according to any preceding claim, further comprising means for 
generating the overdriving signal, the signal comprising a sequence of drive pulses, 
each driving pulse having a magnitude sufficient to cause said relatively high-intensity 

15 flashing light output. 

14. A warning light according to claim 13, wherein the generating means is operable 
in response to a received timing signal. 

20 15. A warning light according to claim 13 or 14, wherein each drive pulse is 
rectangular shaped. 

16. A warning light according to claim 15. wherein the duty cycle of the sequence of 
pulses is lower than 1 0%. 

25 

17. A warning light according to any of claims 13 to 16, wherein the drive pulses vary 
the driving current supplied to each of the light emitting diodes. 

18. A waming light according to any of claims 13 to 17, wherein the drive pulses vary 
30 the driving voltage applied to each of the light emitting diodes. 
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19. A warning light according to any preceding claim, wherein the plurality of light 
emitting diodes are arranged to be pulsed at a rate of 40 to 1 00 pulses per minute to 
produce a corresponding rate of flashing light output. 

20. An anti-collision light comprising a wzuning light according to any preceding 
claim. 

21. A warning or anti-collision light according to any preceding claim, in combination 
with a control means which is arranged to control a time sequence of light flashes 
output from the warning light. 

22. A method of driving a flashing warning light for external use on an aircraft, the 
method comprising overdriving a plurality of light emitting diodes which comprise a 
light source of the warning light, with a pulsed driving signal that is greater in 
magnitude than the magnitude of the maximum normal operational driving signal for 
the light emitting diodes. 

23. A method of driving a warning light for external use on an aircraft, the method 
comprising pulsing a plurality of light emitting diodes which comprise a light source 
of the warning light, with an overdriving signal to produce a higher than normal 
intensity flashing light output. 

.24. A warning light, an anti-collision light, a combination or a method substantially as 
described herein with reference to the accompanying drawings. 
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